Introduction: Erectile dysfunction (ED) is prevalent in men with metabolic syndrome (MetS); therefore, it is important to characterize ED treatments in this population. Aims: To investigate the safety and effectiveness of vardenafil in men with ED and MetS in a clinical setting. Methods: REVITALISE is an international, prospective, single-arm, observational study in men with ED and MetS newly prescribed vardenafil. Vardenafil was prescribed at the discretion of the treating physician in line with the marketing authorization. Treatment effectiveness (International Index of Erectile Function [IIEF]) and health-related quality of life (Aging Males' Symptoms Scale) were assessed at treatment initiation, at an optional dose adjustment visit after approximately 4 weeks, and at the end of the observation period (approximately 12 weeks). Main Outcome Measures: The primary outcome was an intraindividual improvement in erectile function (EF), defined as an increase of at least four points in the EF domain of the IIEF. Secondary outcomes included assessing normal EF (IIEF-EF score 26), mild ED (IIEF-EF score ¼ 22e25), and health-related quality of life. Treatment-emergent adverse events were monitored. Results: In the intent-to-treat population (n ¼ 1,832, mean age ¼ 54.0 years, mean body mass index ¼ 31.82 kg/m 2 , Asian 36.8%, white 49.9%, 20.4% with severe ED, 75.6% with mild or moderate ED, 4.0% without ED), 82.4% reported an increase of at least four points in IIEF-EF score. Median IIEF-EF score increased from 15.0 (baseline) to 25.0 at 12 weeks (P < .0001). After treatment, 45.4% and 29.4% (intent-totreat population) had normal EF and mild ED, respectively. Improvements in the sexual, psychological, and somatic subscales of the Aging Males' Symptoms Scale were found (P < .0001). Treatment-emergent adverse events were reported by 7.19% of patients; there were no serious adverse events related to vardenafil. Conclusion: In a clinical setting, men with ED and MetS treated with vardenafil reported improvements in EF and health-related quality of life; and the safety profile of vardenafil was acceptable. REVITALISE demonstrates that vardenafil represents a good treatment option for men with ED and MetS.
INTRODUCTION
Erectile dysfunction (ED) is estimated to affect more than 150 million men worldwide and is known to be more prevalent in men with metabolic syndrome (MetS) and related conditions such as hypertension and diabetes compared with the general population. [1] [2] [3] [4] [5] [6] A recent analysis found that approximately 40% of patients with ED also have MetS, and ED is almost twice as prevalent in patients with MetS compared with those without it. 7 Furthermore, evidence suggests that the relative risk and severity of ED increase as the number of MetS components increases. 1, 2 Owing to the large proportion of patients with ED and MetS, it is important that the safety and effectiveness of ED treatments are fully evaluated in this population.
Phosphodiesterase 5 (PDE5) inhibitors, such as vardenafil, are currently the first-line pharmacologic treatment for ED. [8] [9] [10] Several studies have demonstrated that vardenafil is a safe and effective treatment for patients with ED. [11] [12] [13] [14] [15] [16] [17] It also has been found highly effective in men with ED and underlying comorbidities, such as diabetes, hypertension, and dyslipidemia. [18] [19] [20] [21] [22] [23] The first prospective study to examine vardenafil use in men with MetS was a small-scale 12-week placebo-controlled study of 145 men with ED and MetS in Germany. 24 It demonstrated that vardenafil was well tolerated and improved erectile function (EF) compared with placebo 24 ; however, further evidence form largerscale studies is required. This non-interventional observational study is the first large-scale international trial to investigate prospectively the effectiveness of vardenafil in patients with ED and MetS.
AIM
The TheRapeutic Effectiveness of VardenafIl in ED patients with the meTAboLIc SyndromE in daily clinical practice (REVITALISE) study was designed to investigate the effectiveness and safety of newly prescribed vardenafil in men with ED and MetS in the clinical setting.
METHODS

Study Design
In this international, multicenter, prospective, single-arm, non-interventional, observational study (NCT01106118), patients were recruited from 171 study centers in 10 countries (Egypt, Israel, Kazakhstan, Kyrgyzstan, Republic of Korea, Lebanon, Russia, Saudi Arabia, Singapore, and Ukraine) from January 2010 to October 2012. Where required, according to local laws and regulations, independent ethics committee or institutional review board approval was gained; and written informed consent from patients was obtained when they agreed to participate.
Inclusion and Exclusion Criteria
Patients with a diagnosis of ED and documented MetS who were newly prescribed vardenafil without prior use of any PDE5 inhibitor within 1 month of study entry were eligible for inclusion. The International Diabetes Federation (IDF) criteria for MetS 1 were strongly recommended: a waist circumference of at least 94 cm in European, sub-Saharan African, Eastern Mediterranean, and Middle East (Arab) populations; at least 90 cm in ethnic South Asians, Chinese, and ethnic South and Central Americans; and at least 82 cm in the Japanese population; and at least two of the following criteria: triglyceride level at least 150 mg/dL or specific treatment for this abnormality, highdensity lipoprotein cholesterol level lower than 40 mg/dL or specific treatment for this abnormality, systolic blood pressure (BP) at least 130 mmHg and/or diastolic BP of at least 85 mmHg or previously diagnosed hypertension, and fasting plasma glucose level at least 100 mg/dL or previously diagnosed type 2 diabetes.
The contraindications and warnings of the Summary of Product Characteristics 25 defined the exclusion criteria for the study.
Study Medication
Vardenafil was prescribed in accordance with the marketing authorization and paid for according to standard local practice. The treatment decision was within current practice and no additional diagnostic or monitoring was required for participation in the study. The duration and dose (5-, 10-, or 20-mg tablets) of treatment were determined by the physician.
Study Protocol
Effectiveness was measured using the International Index of Erectile Function (IIEF), the internationally recognized gold standard for assessing ED treatments. [26] [27] [28] The Aging Males' Symptoms (AMS) scale 29 (Supplementary File 1) was used to assess health-related quality of life (HRQoL); however, completion of the questionnaire was optional. With the exception of the Russian translation of the AMS scale, the translations of the questionnaire were produced in accordance with the methodologic recommendations for linguistic and cultural adaption of HRQoL measurements. [29] [30] [31] Patients were followed for approximately 12 weeks, with observations recorded at two to three consecutive visits: at vardenafil initiation, at an optional visit after approximately 4 weeks (if dose adjustment was required according to the clinical response of the patient), and at the end of the 12-week observation period.
At the initial enrollment visit, the patients' demographic information, components of MetS, ED history, prescribed vardenafil dose, and concomitant conditions and medications were recorded. ED etiology was classified by the treating physician based on the physician's assessment of the patient and the patient's medical history. The IIEF 26 and AMS scale 29 (optional) questionnaires also were completed.
At the optional dose adjustment visit, the IIEF questionnaire was completed and the physician recorded the prescribed vardenafil dose, the number of tablets taken since the first visit (as reported by the patient), changes in concomitant medication, and adverse events (AEs). At the final visit, at the end of the study or at discontinuation of therapy (whichever was sooner), the IIEF and AMS scale (optional) questionnaires and global assessment question were completed. The physician recorded the prescribed vardenafil dose, the number of tablets taken since the last visit (as reported by the patient), concomitant medication, and AEs. Patients could discontinue the study at any time; if discontinuation occurred before the 12-week assessment, then it was considered the final visit. Patients who withdrew from the study were not replaced and were not permitted to re-enter.
AEs were recorded at each visit and coded using the Medical Dictionary for Regulatory Activities version 15.1. An AE was considered a treatment-emergent AE (TEAE) if it began from the date of the first prescription to 7 days after the final study visit.
Patient Populations
A patient was included in the safety analysis if at least one dose of study medication was taken or was considered taken in cases in which any post-baseline data were documented but information on study medication intake was missing. Patients valid for safety analysis, that is, who had valid efficacy data at their first dose of vardenafil and at either dose adjustment or final visit, were included in the intent-to-treat (ITT) population. Valid efficacy data were defined as a valid score (0, 1, 2, 3, 4, or 5) for all six items of the IIEF-EF. Patients valid for ITT were excluded from the per-protocol (PP) population if they were younger than 18 years, had no ED (IIEF-EF score 26 at initial visit), or did not have MetS as defined by the IDF, World Health Organization, 32 the European Group for the Study of Insulin Resistance, 33 the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III), 34 or IDF and NCEP ATP III consensus. 35 
MAIN OUTCOME MEASURES
The primary objective was to determine a clinically relevant, intraindividual improvement in EF, defined as an increase of at least four points in IIEF-EF score after approximately 12 weeks of treatment.
The secondary objectives were to determine an increase of at least five points in IIEF-EF score and to assess normal EF (IIEF-EF score 26 points), mild ED (IIEF-EF ¼ 22e25 points), and the effect of vardenafil on HRQoL using the AMS Scale after approximately 12 weeks of treatment. Subgroup analyses of changes in IIEF-EF were performed for race, body mass index (BMI), age, and alcohol consumption.
Safety was assessed according to TEAEs.
Statistical Analyses
Approximately 2,000 patients were considered sufficient to detect a percentage of patients with at least four-point improvement of 72% within a 95% CI ± 2.5% (primary outcome).
Descriptive analysis of the data was performed using summary statistics for categorical and quantitative (continuous) data. Continuous data were described by the number of non-missing values, median, mean, SD, minimum, and maximum and 1, 5, 25, 75, 95, and 99 percentile quantiles. Frequency tables were generated for categorical data and missing was included as a category.
Efficacy end-point analyses were performed for the ITT and PP populations. The change from baseline IIEF-EF score was tabulated by visit and for the final visit; the last observation carried forward was used for the primary end point only. The increase in IIEF-EF score was analyzed non-parametrically using the Wilcoxon signed rank test (one-sided). The Fisher exact test was used to compare changes in categorized IIEF-EF domain scores and overall satisfaction. The AMS scores were analyzed descriptively by summary statistics for absolute scores and Data management and statistical analyses were performed using SAS 9.2 (SAS Institute, Cary, NC, USA).
RESULTS
Study Population
Of 2,316 patients enrolled in the study, 2,072 patients were included in the safety population; of these, 1,832 had valid efficacy data and were included in the ITT population and 1,592 were included in the PP population (Figure 1 ). In the safety population, the mean age was 53.6 years (SD ¼ 9.97), mean weight was 95.71 kg (SD ¼ 16.98), and mean BMI was 32.03 kg/m 2 (SD ¼ 5.44; Table 1 ). At the initial visit, 374 (20.4%) patients had severe ED, 701 (38.3%) had moderate ED, 494 (27.0%) had mild to moderate ED, 190 (10.4%) had mild ED, and 73 (4.0%) had no ED (ITT population). In total, 1,005 patients (48.5%) had a mixed organic and psychogenic ED etiology, 1,672 patients (80.7%) had ED for at least 6 months, 59.7% had not previously received any treatment for ED, and fewer than 1% had previously taken vardenafil ( Table 1) . The IDF criteria were used to diagnose MetS for 1,123 patients (54.2%) in the safety population; other definitions were the World Health Organization (715 patients, 34.5%), the European Group for the Study of Insulin Resistance (17 patients, 0.8%), 
Efficacy
The primary objective of a clinically relevant improvement in IIEF-EF score of at least four points was achieved by 82.4% of the ITT population and 85.5% of the PP population. Another 7.8% of patients recorded a one-to three-point increase; 4.4% and 5.5% reported no change and a decrease in score, respectively (ITT). The median IIEF-EF score increased from 15.0 at the initial visit to 25.0 at the final visit (P < .0001; Figure 2A ). There were no differences in domain scores between the ITT and PP populations. Subgroup analyses demonstrated that fewer patients of Asian origin (66.3%) reported an IIEF-EF score improvement of at least five points compared with the complete ITT population (78.9%). This finding was particularly evident in patients from the Republic of Korea (57.6%) and Singapore (54.5%). Fewer Asian patients with a lower BMI (50.0% with BMI < 23 kg/m 2 and 58.7% with BMI ¼ 23e25 kg/m 2 ) reported an IIEF-EF score improvement of at least five points compared with Asian patients with a higher BMI (76.5% with BMI > 30 kg/m 2 ).
Stratification of patients according to age showed that fewer patients older than 70 years had at least a five-point improvement in IIEF-EF score compared with the complete ITT population (65.1% vs 78.9%, respectively). Heavy alcohol consumption also had a negative effect on ED improvement, with 65.6% of patients in this group reporting at least a five-point improvement in IIEF-EF score.
For all IIEF domains, a mean improvement of at least two points was achieved (Figure 2A ). After treatment, the percentage of patients rating their confidence of getting and maintaining an 35 .3% of patients reported having the sensation of orgasm most times or almost always or always when they had sexual stimulation or intercourse; at the final visit, this increased to 78.7%. Contributing to the overall satisfaction domain, 30.9% of patients were very satisfied and 42.6% were moderately satisfied with their sex life at the final visit compared with 2.2% (P ¼ .0388) and 13.5% (P < .001), respectively, at the initial visit.
The optional AMS questionnaire was completed by 1,159 patients at their initial visit and 1,198 patients at their final visit. The median total AMS score improved from 37.0 (moderate symptoms) to 24.0 (mild symptoms; Figure 3 ). After treatment, more than 40% of patients were classified as having no symptoms. Improvement was observed in all subscales, with decreases in the median from 13.0 to 8.0 on the sexual subscale, 10.0 to 6.0 on the psychological subscale, and 14.0 to 10.0 on the somatic subscale (P < .0001 for all comparisons).
Safety
In total, 185 TEAEs were reported, with 149 (7.19%) patients reporting at least one TEAE (Table 3) . Drug-related AEs were reported by 107 patients (5.16%); the most common were headache (51 patients, 2.46%) and flushing and facial flushing (1e2%). Two patients had serious AEs; one died of leukemia and one had a non-fatal myocardial infarction, neither of which was related to vardenafil.
Vardenafil Treatment
Throughout the course of the study, most patients were prescribed vardenafil 20 mg (Table 4 ). The optional doseadjustment visit was attended by 988 patients (47.7%); of these, 635 patients (64.3%) were prescribed vardenafil 20 mg.
The number of tablets taken during the course of the study ranged from 1 to 133.
After the final study visit, more than 80% of patients planned to continue treatment. The main reasons for discontinuation were insufficient efficacy (115 of 392 patients), price (108 of 392 patients), and ED cured or improved (79 of 392 patients).
DISCUSSION
This large, observational study demonstrates that in a clinical setting, vardenafil improves EF in patients with ED and MetS. After a treatment period of approximately 12 weeks, based on IIEF results, more than 80% of patients reported an improvement in EF and 45% of patients had normal EF. Patients receiving vardenafil had an improvement in all domains of the IIEF questionnaire, highlighting the beneficial effects of vardenafil not only on EF but also on intercourse satisfaction, orgasmic function, sexual desire, and overall satisfaction. These results support the findings of previous clinical trials that have reported the efficacy of vardenafil in patients with ED and cardiovascular or metabolic conditions. [18] [19] [20] [21] [22] [23] A strength of this study is that a large number of patients was recruited from a wide demographic base for age (range ¼ 22e85 years), race (34.5% Asian and 50.2% white), and BMI (range ¼ 19.5e70.8 kg/m 2 ). This demographic base enabled efficacy to be compared between subgroups. Vardenafil was less effective in patients of Asian ethnicity, particularly those with a lower BMI (18.5e23 kg/m 2 ). There is conflicting evidence regarding the effectiveness of PDE5 inhibitors in Caucasians and Asians. In agreement with this study, a recent meta-analysis found that, in a pooled analysis of PDE5 inhibitors, treatment was more effective in Caucasians compared with Asians. 36 However, a smaller (N ¼ 334 patients; 264 vardenafil, 70 placebo) study investigating vardenafil efficacy in Asian men reported a significant increase in IIEF-EF score, which was similar to that seen in previous studies in Caucasians. 37 Direct comparisons between studies are difficult to make owing to differences in protocols; thus, further investigation is warranted to explore these potential ethnic differences and their causes. The lower effectiveness of vardenafil in Asian patients with a lower BMI also requires further investigation; this finding might need to be considered when physicians prescribe treatment for this specific subgroup of patients.
The subgroup analyses also demonstrated that vardenafil was less effective in improving EF in men older than 70 years. This is an important issue because the prevalence and severity of ED increase with age 38 owing to multiple pathophysiologic changes in erectile mechanisms, such as a decrease in endogenous nitric oxide production. 39 It has been proposed that combining testosterone supplementation with a PDE5 inhibitor might improve its efficacy by increasing nitric oxide bioavailability and helping to maintain the health of erectile tissue and surrounding nerves. 39, 40 Further studies to determine the benefit of using a combination treatment strategy in elderly men are warranted. In patients who completed the AMS scale, an improvement in HRQoL was reported. This improvement was not limited to the sexual subscale but also was seen for the psychological and somatic subscales, highlighting the importance of EF in overall HRQoL.
Vardenafil was well tolerated with no serious TEAEs reported. The low incidence and type of drug-related AEs were in line with the vardenafil product information 25 and previous studies. 11, 12, 16, 18, 24 The main limitation of this study is that the follow-up period was only 12 weeks; a longer follow-up with more scheduled visits would have strengthened the data. Although completion of the AMS scale was optional, a total score for the initial and final visits were provided for 63% and 65% of the ITT population, respectively. AEs were recorded only at the follow-up visit and therefore might have been under-reported. However, the incidence of AEs reported here was similar to that observed in other studies, 11, 12, 16, 18, 24 suggesting that the reliability of the data has not been adversely affected. In addition, owing to the observational nature of this study and to the lack of a control group, we cannot rule out potential confounding; a further placebocontrolled study is warranted. Although this study was noninterventional, to date, it is the only study in which vardenafil In summary, the REVITALISE study has demonstrated that, in clinical practice, vardenafil is effective and has an acceptable safety profile in men with ED and MetS. 
